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h (x, y, t) = η (x, y, t) − b (x, y, t)
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Ωt = { x = (x, y, z) / (x, y) ∈ ω
!#1A
b (x, y) ≤ z ≤ η (x, y, t) }.
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(x, y, z, t)
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tˆ = t, xˆ = x, yˆ = y
!#1A
zˆ = σ (x, y, z, t) ,
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σ(x, y, η(x, y, t), t) = 1
σ(x, y, b(x, y, t), t) = 0 ∀ (x, y, t) ∈ ω × I.
c}jFe
81$&<$J+.$'&<$'1/:$/:-3@1?[0ﬁ&U!#ﬀﬃ-3zﬀﬃﬂ51$'&<$J+}-3&<$
Ωˆ = { xˆ = (xˆ, yˆ, zˆ) / (xˆ, yˆ) ∈ ω
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σ (x, y, z, t) =
z − b (x, y, t)
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dδ) = 0 .
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a (z2k + z
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a (z2k + z
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∆zk+1/2 = zk+1 − zk
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Aˆt : Ωˆ −→ Ωt, x(xˆ, t) = Aˆt(xˆ)
(5ﬀ>
x = xˆ, y = yˆ
!#1A
z = Z (x, y, zˆ, t) ,
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Z(x, y, 0, t) = η(x, y, t), ∀ (x, y, t) ∈ ω × I,
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Jˆt (x, y, zˆ, t) =
∂Z
∂zˆ





















xˆ = A−1t (x).
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= Jˆ −1t .
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U · n = 0
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Z : Ωˆ× I −→ Ωt
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{
Z(x, y, 0, t) = η(x, y, t),























k = 1, . . . , (Nl − 1)
]"!#1AZ^G9
∆zˆk+1/2 = zˆk+1 − zˆk
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ω × [zˆk, zˆk+1]× I

Zk+1/2 (x, y, zˆ, t) =
∆zk+1/2(x, y, t)
∆zˆk+1/2
(zˆ − zˆk) + zk (x, y, t) ,
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∆zk+1/2 (x, y, t) = zk+1 (x, y, t)−



















z1 (x, y, t) = bh (x, y, t) ,
zNl (x, y, t) = hh (x, y, t) ,













Aˆh,t : Ωˆ −→ Ωh,t, x(xˆ, t) = Aˆh,t(xˆ)
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x = xˆ, y = yˆ
!#1A
z = Zh (x, y, zˆ, t) ,
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k = 1, . . . , (Nl − 1)



















zk (x, y, t) =
(
z4 − bh (x, y, t)
zˆ4
)
zˆk + bh (x, y, t)
+}-3&
1 ≤ k < 4,
z4 (x, y, t) = c4,
z5 (x, y, t) = c5,
zk (x, y, t) =
(
ηh (x, y, t)− z5
1− zˆ5
)
(zˆk − zˆ5) + z5
+.-3&









zk (x, y, t)
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k = 1, . . . , (Nl − 1)
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k = 1, . . . , (Nl − 1)
ﬀﬃﬂ
Jˆh (x, y, zˆ, t) =
∂Zk+1/2
∂zˆ
(x, y, zˆ, t) =















Jˆk+1/2 (x, y, t) =
∆zk+1/2 (x, y, t)
∆zˆk+1/2
ﬀ>
ω, ∀t ∈ I .
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Jˆk+1/2 (x, y, t)
(∫ zˆk+1
zˆk
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η = η0 cos (kpix) cos (ωt) ,
u = ω η0
cosh (kpi(z +H))
sinh (kpiH)
sin (kpix) sin (ωt) ,
v = 0 ,
w = −ω η0
sinh (kpi(z +H))
sinh (kpiH)
cos (kpix) sin (ωt) ,
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a) Classical sigma grid
















































K 4R ,X$=!#1ﬂ;c.$:AsReJ]ﬁ8ﬁ&<$:$JIKALﬀ>BD$'1ﬂ<ﬀﬃ-3"!#6 T-F!3ﬂU!#6

/:$=!# -Aﬁ$'6ﬃﬂ=] w-36NR 1]ﬁ\XBD$'&ﬀﬃ/=!#










a) Classical sigma grid
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